INTRODUCTION {#sec1-1}
============

Trauma is one of the leading causes of morbidity and mortality in young people across the world.\[[@ref1][@ref2][@ref3][@ref4]\] According to the World Health Organization (WHO), injuries kill 5 million people each year. Road traffic injuries claimed nearly 3,500 lives each day in 2011-about 700 more than in the year 2000-making it among the top 10 leading causes of death globally in 2011.\[[@ref1]\] In 2004, road traffic injuries were the ninth leading cause of death. However, with the trends of urbanization and motorization, road traffic injuries have increased dramatically worldwide and are now expected to become the fifth leading cause of death.\[[@ref1]\] Traumatic brain injury (TBI) is a major cause of disability and death affecting people during the most productive period of their lives.\[[@ref5][@ref6]\] National level data in India are not available for TBI.\[[@ref7]\] Local TBI data, however, are available.\[[@ref8][@ref9]\] Based on hospitalization data, the incidence and mortality from TBI in Bangalore is 160 and 20, respectively per 100,000 population;\[[@ref10]\] and the case fatality rate was 9%.\[[@ref11]\] These estimates, however, are largely derived from studies from urban India, and in the absence of any TBI registries, nationally representative data are not available.\[[@ref7]\]

Organized emergency medical response systems (EMRS) are also lacking in rural India and other developing countries. This is of concern because even if patients are provided with optimum care in emergency departments,(ED) the lack of prehospital care may be associated with unfavorable health outcomes.\[[@ref12][@ref13][@ref14][@ref15]\] All transportation is by personal and private ground vehicles, or ambulances without trained paramedics, and there is no air-based evacuation and transportation system.\[[@ref12][@ref16]\] When appropriate field triage, transfer and emergency services are available, the short- and long-term outcomes from injury can potentially be improved.\[[@ref5][@ref6][@ref17][@ref18]\] Several studies have demonstrated that patients who receive proper triage and transport using land or air are more likely to survive compared to those who do not.\[[@ref19][@ref20]\] This improved outcome could reflect the benefit of earlier therapeutic interventions including endotracheal intubations, blood transfusions, and administration of electrolyte fluids prior to ED admission.\[[@ref20][@ref21]\] The purpose of this study is to describe (1) selected epidemiological and clinical characteristics of persons with TBI who died within 24-h after admission to the EDs of two EDs affiliated with a tertiary care facility in rural India: The Datta Meghe Institute of Medical Sciences and the affiliated Acharaya Vinoba Bhave Rural Hospital, Sawangi, Maharashtra, India and (2) the methods used to transport these patients from the locale of the injury incident to the study sites. At the time of this study, each of these facilities had two ambulances, one intensive care unit, and two emergency physicians and neurosurgeons. Each institution also had imaging and rehabilitation departments staffed with four radiologist and three physiatrists.

MATERIALS AND METHODS {#sec1-2}
=====================

Medical records from all injured patients, including those with TBI, who were admitted to and died within 24-h of admission in the study sites from January 1, 2007 through December 31, 2009, were reviewed and abstracted. Information on the exact characteristics such as the locale of the injury, the type of road where injury occurred, pedestrian status, occupancy in a vehicle status, type of vehicle involved, and the occupation of case patients documented in the reviewed medical records was scant or incomplete.

TBI severity was determined using the Glasgow Coma Scale (GCS).\[[@ref22]\] Patients with GCS scores between 3 and 8 were classified as cases of severe TBI; those with scores between 9 and 12 were classified as cases of moderate TBI; and those with scores between 13 and 15 were classified as cases of mild TBI. Selected demographic variables (i.e., age, sex, and occupation) and information on prehospital care including mode of transport to ED, external cause of injury, and injury locale were abstracted. Clinical data on primary hospital resuscitation hemodynamic parameters (e.g., blood pressure, heart rate, respiratory rate), and imaging were also collected. Facial injuries included abrasions, lacerations, contusions, and fractures of facial bones. All information was entered into a Microsoft Excel database and analyzed using Epi Info 7™. The study was approved by the Datta Meghe Institute of Medical Sciences Institutional Ethical Committee.

RESULTS {#sec1-3}
=======

During the 2-year study period, a total of 113 patients presented to the hospital with an injury and died within 24 h (median age = 35 years, range = 1-92 years). This study found that none of the 113 total patients received prehospital emergency care and only one patient was transported to the ED in an ambulance; the remaining were transported in other non-emergency medical vehicles. The duration from reported time of injury to presentation in the ED was not documented in the medical records.

Of the 113 injured patients, 37.2% (*N* = 42) had TBIs. The median age of the TBI patients was 35 years (range = 1-92 years); and the majority were men (90.5%) aged 20-50 years (78.6%) \[[Figure 1](#F1){ref-type="fig"}\]. Most of the TBIs were due to road traffic collisions, including pedestrians being hit by moving vehicles (road traffic accidents (RTAs)) (81.0%) followed by falls (7.0%), and interpersonal violence (7.0%). Overall, 5.0% occurred in fixed workplaces (e.g. factory). Of those who sustained a TBI due to RTAs, 80.9% TBIs were sustained by persons working near or along busy roads where they were hit by vehicles.

![Numbers of injured patients who died within 24 h of admission by age-group and type of injury; January 2007--December 2009, rural Maharashtra, India](IJCIIS-4-293-g001){#F1}

A total of 39 (95.1%) patients with TBI had a GCS of 3 on arrival, two had GCS between 3 and 7, and one patient had a GCS of 13. All 42 patients were intubated in the ED, resuscitated, hemodynamically stabilized, and put on elective ventilation using the Advanced Trauma Life Support (ATLS) protocol. Thirty-seven (88.1%) of all TBI patients did not have indication for neurosurgical intervention and in 5 (11.9%)-despite indication-no neurosurgical procedure could be performed because of poor general and neurological condition \[[Table 1](#T1){ref-type="table"}\]. The most common concurrent injuries among the 42 patients with TBI were superficial lacerations/bruises/abrasions (85.7%), facial injuries (57.1%), ear-nose-throat bleeding (50%), and upper (35.7%) and lower (30.9%) extremity fractures \[[Table 1](#T1){ref-type="table"}\].

###### 

Concurrent injuries among 42 patients with traumatic brain injury who died within 24 h of admission to two tertiary care facilities in rural Maharashtra, India. January 2007-December 2009
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Computed tomography (CT) scans were performed in 38 (90.5%) of the 42 TBI patients. Common CT diagnoses included acute subdural hematoma (21.4%), subarachnoid hemorrhage with diffuse cerebral edema (16.6%), and skull base fracture with diffuse cerebral edema (14.2%). All of the 42 patients with TBI had other concurrent injuries. In nine patients (21.4%) who had no other reason for their loss of consciousness and had a definite history of trauma, CT scans were reported as normal \[[Table 2](#T2){ref-type="table"}\]. No other imaging modality was available at these hospitals.
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Selected CT scan findings among patients with TBI who died within 24 h of admission to two tertiary care facilities in rural Maharashtra, India. January 2007-December 2009
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DISCUSSION {#sec1-4}
==========

To our knowledge, this study is the first one that collected data on the methods used to transport all injured patients to the study hospitals in rural Maharashtra, India. This study found that most of the TBI patients who died within 24 h after admission to the EDs of two rural medical facilities in India were not transported in emergency medical vehicles; 65% of cases were 21-50 years of age; were male; and were day laborers working near or along busy roads where they were hit by vehicles. These findings highlight the need to develop reliable and accessible EMRS and to implement preventive measures for those at risk.

In this study, the way patients were transported to the EDs may reflect the lack of appropriate communication systems, ambulances, and/or proper EMRS that include appropriate prehospital emergency care in India, particularly in rural areas. A well-implemented EMRS can potentially have a beneficial impact and result in less catastrophic outcomes. For example, in Malawi, improved triage and emergency care for children reduced inpatient mortality from 10 to 18% prior to an intervention to 6-8% after the changes.\[[@ref23]\] Other factors may have also influenced the patients' transportation method observed in our study. In Pakistan, researchers found that people may not call an ambulance in health-related emergencies because these ambulances reportedly did not respond in a timely fashion.\[[@ref24]\] Mortality in rural areas may also increase due to other limitations (not elucidated in our study); for example, lack of pre-arrival notification systems and proper emergency care, lack of ventilators and beds in the intensive care unit, imaging, and availability of full time admitting and decision making neurosurgical team.\[[@ref12]\] Additionally, one study in Trinidad showed improvement in trauma patient outcome post ATLS training for resuscitation of patients with a decrease in mortality (67 vs 34%) among the most severely injured patients.\[[@ref25]\] This warrants further study of the use and benefits of ATLS in rural Maharashtra. The benefits of using ATLS to evaluate patients, as was done in the two EDs we studied, may have contributed to reduce the observed mortality.

The economic impact of injury and TBI also needs to be elucidated in rural India. In our study, the age in which most of the TBI patients died suggest major economic impact as it affected mostly people of working age. The impact of this finding may be higher in developing countries where two-thirds of the global burden of injury deaths occur, consuming substantial personal\[[@ref26]\] as well as healthcare sector resources.\[[@ref6]\]

This analysis indicates that 81% of the TBI fatalities were persons working on interstate roads where they were hit by vehicles. This is an issue in developing countries where rapid motorization contributes to the injury problem\[[@ref5]\] A study in Nepal found that day laborers were the largest group (27.6%) involved in RTAs;\[[@ref27]\] in this study, the authors found that road laborers hit by vehicles while working on the busy interstate roads experienced most of these injuries. Examples of additional factors that may contribute to this problem of road traffic injuries include lack of traffic signals, lack of or poor enforcement of alcohol-impaired driving laws, nonuse of seatbelts and helmets, lack of safe places for pedestrians to walk,\[[@ref9]\] lack of barriers between workers and traffic, and lack of protection for road workers, such as reduced traffic speed in work zones.\[[@ref28]\]

The findings of this study are subject to some limitations. Some epidemiological and clinical information may have been underreported due to the lack of proper documentation on the medical records; examples of missing information include: Alcohol use, type of road where the injury occurred, pedestrian status, occupancy in a vehicle status, and type of vehicle. Properly documented epidemiological and clinical information in the medical record is important to understand the mechanisms of injury, the clinical characteristics, and to postulate how many deaths were preventable.\[[@ref5][@ref3][@ref20][@ref29][@ref30][@ref31]\] This information can be used to develop preventive interventions, EMRS, and clinical guidelines and to educate decision-makers about the preventability of this public health problem.\[[@ref32]\] Our study also does not account for patients who sought care in other nearby healthcare facilities, died on site, died after the first 24 h, or those who survived their injuries; therefore, the results of this study should be interpreted with caution as they may not be representative of all cases of TBI in rural Maharashtra. Information on the level of training of healthcare providers and the type of care or procedures they provided was also missing. According to Gerardo *et al*., the implementation of a dedicated full-time trauma team incorporating both trauma surgeons and emergency medicine-trained, board-certified or -eligible emergency physicians was associated with decreased mortality rates in trauma patients treated at a level I academic medical center, including those patients presenting with the most severe injuries.\[[@ref26]\]

CONCLUSIONS AND RECOMMENDATIONS {#sec1-5}
===============================

Findings of this study indicate that in rural areas of Maharashtra, India, road traffic injuries are a leading cause of TBI-related death. Our findings underscore the need to develop a comprehensive prevention, surveillance, and response system for pre- and in-hospital care, including police reports and use of ambulances. Data from these surveillance systems can be used to understand the problem and monitor the impact of prevention interventions. This study also suggests the need to establish appropriate EMRS in rural areas, especially in areas with high levels of injury. There is the need to continuously assess the burden of trauma, the adequacy of prehospital and in-hospital care, and whether cost-effective resources are available to provide adequate acute and long-term care, including rehabilitation services. Studies on the acute and long-term human and socioeconomic consequences of injury, including TBI, are also needed for the proper allocation of resources to address the long-term consequences of this preventable public health problem. Most importantly, healthcare professionals can help to reduce the burden of injuries, including road traffic-related injuries in India by, for example, by educating patients about the use of seat belts\[[@ref33]\] and identifying and referring to counseling those who consume unhealthy levels of alcohol.\[[@ref34]\] As road traffic injuries were the main mechanism of injury in this study, preventing them in rural areas of Maharashtra, India, may require implementing the World Health Organization\'s recommendations on road traffic injury prevention.\[[@ref35]\] These recommendations include: Identifying an agency to guide the road traffic safety effort, assessing the problem, policies and institutional settings relating to road traffic injury, and the capacity for road traffic injury prevention; preparing a national road safety strategy and plan of action; allocating financial and human resources to address the problem; implementing specifications to prevent road traffic crashes, minimizing injuries, and their consequences; evaluating the impact of these actions; and supporting the development of national capacity and international cooperation.\[[@ref35]\] Results from this study can be used by public health and healthcare practitioners to promote the design and implementation of injury surveillance and prevention initiatives and to improve emergency medical services\[[@ref36][@ref37]\] in rural India.
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